To assess the changes in the curvature of the spinal column in the supine position during pregnancy, we studied seven pregnant (32-37 weeks of pregnancy) and seven non-pregnant women using magnetic resonance imaging. T1-weighted sagittal midline magnetic resonance images of the spinal column were obtained with subjects in the supine position with left tilt. There was no significant difference in the maximum angle of decline of the lumbar spinal canal between the pregnant (mean 12.4 (SD 3.3)°) and non-pregnant (13.4 (3.9)°) groups. The maximum angle of incline of the upper thoracic spinal canal was smaller in the pregnant (15.8 (2.9)°) than in the non-pregnant (22.7 (6.0)°) group. The highest point of the lumbar spinal canal was located at a lower lumbar region in the pregnant (median L4-5 (range L4 to L4-5)) than in the non-pregnant (L4 (L3-4 to L4)) group. The lowest point of the thoracic spinal canal was located at a higher thoracic region in the pregnant (T6-7 (T6 to T7-8)) than in the nonpregnant (T8 (T6-7 to T9)) group. This study revealed that the apex of lumbar lordosis was caudad and thoracic kyphosis was reduced in the supine position in the later stages of pregnancy. These changes in the curvature of the spinal column may explain, in part, the enhanced cephalad spread of subarachnoid hyperbaric anaesthetic solutions in the later stages of pregnancy. (Br. J. Anaesth. 1995; 75: 6-8) Key words Anatomy, spinal column. Anaesthesia, obstetric. Anaesthetic techniques, subarachnoid. Measurement techniques, nuclear magnetic resonance. Pregnancy. Position, supine.
The exaggerated lumbar lordosis seen in the later stages of pregnancy is thought to enhance the cephalad spread of subarachnoid hyperbaric anaesthetic solutions in the supine position [1, 2] . Although anaesthetists are familiar with the concept of the exaggerated lumbar lordosis, few data are available to confirm this change in curvature of the spinal column in supine pregnant women.
Magnetic resonance (MR) imaging provides accurate information on the structure of the spine in any plane [3, 4] . The aim of this study was to assess changes in the curvature of the spinal column during pregnancy using MR imaging.
Subjects and methods
The institutional review board approved our study and informed consent was obtained from seven pregnant (32-37 weeks of pregnancy) and seven nonpregnant Japanese female volunteers. MR imaging examinations were performed with the subjects supine and their legs extended horizontally. A headrest (1 cm thick) was placed under the head. A folded blanket (6-8 cm in thickness and 100 cm in length) was placed under the right side of the body, resulting in the volunteer lying approximately 15° to the left. T1-weighted sagittal images of the cervical, thoracic and lumbar spine were obtained using an MR imaging system (MRT-200 /FXIII super version, Toshiba Corporation, Tokyo, Japan) operating at 1.5 T with a single conventional surface coil. Technical specifications included a repetition time of 320-430 ms, an echo time of 15 ms, a slice thickness of 4 mm, slice numbers of 11 and a field of view of 30 cm. The sagittal midline images of the cervical, thoracic and lumbar spine were aligned to determine the following: maximum angle of decline of the lumbar spinal canal in the cephalad direction against the plane of the MR platform, maximum angle of incline of the upper thoracic spinal canal against the plane of the MR platform, highest and lowest points of the spinal canal, and levels of termination of the spinal cord and dural sac. The nearest vertebral body or intervertebral disc was used for the increments of measure in determining the highest and lowest points (e.g. L1 indicated the body of the first lumbar vertebra; L1-2 showed the intervertebral disc between the first and second lumbar vertebrae).
The pregnant and non-pregnant groups were compared by the Student's unpaired t test for parametric data and by the Mann-Whitney U test for non-parametric data. P : 0.05 was considered statistically significant.
Results
There were no differences in age or height between the pregnant and non-pregnant groups. Weight and body mass index were greater in the pregnant than in the non-pregnant group (table 1) . YOSHIHIRO There was no significant difference between the pregnant and non-pregnant groups in the maximum angle of decline of the lumbar spinal canal. The maximum angle of incline of the upper thoracic spinal canal was smaller in the pregnant than in the non-pregnant group (table 2). The highest point of the lumbar spinal canal was located at a lower lumbar region in the pregnant than in the non-pregnant group (table 2) . The lowest point of the thoracic spinal canal was located at a higher thoracic region in the pregnant than in the non-pregnant group (table 2). Figure 1 shows representative sagittal midline MR images of a pregnant woman and a non-pregnant woman.
Discussion
The exaggerated lumbar lordosis seen in the later stages of pregnancy is thought to enhance cephalad spread of subarachnoid hyperbaric anaesthetic solutions in the supine position [1, 2] . However, the sagittal midline MR images obtained in this study did not confirm the presence of exaggerated lumbar lordosis in supine pregnant women. In contrast, the images showed that the apex of lumbar lordosis was caudad and thoracic kyphosis reduced in the later stages of pregnancy. These changes in the spinal column are thought to enhance the cephalad spread of subarachnoid hyperbaric anaesthetic solutions in two ways: first, when a patient is turned to the supine position after midlumbar subarachnoid injection of a hyperbaric solution, the injected dose splits into a part migrating cephalad and a part spreading caudad. The lumbar lordosis in the later stages of pregnancy, the highest point of which is located in the lower lumbar region, increases the amount of agent that moves cephalad; second, elimination of thoracic kyphosis is accompanied by cephalad shift of the lowest point of the thoracic hollow. A hyperbaric anaesthetic solution migrating cephalad pools in the thoracic hollow. When the lowest point of the hollow is located in the higher thoracic region, it may allow the drug to spread more easily to higher thoracic segments. In addition, the reduced incline in the upper thoracic region may also enhance cephalad spread.
We found no differences between pregnant and non-pregnant women in the angle of decline of the lumbar spinal canal. When a woman in the later stages of pregnancy stands without support, lumbar lordosis is exaggerated to maintain a balanced centre of gravity [5] [6] [7] . Therefore, the incline of the lumbar spinal canal increases relative to the line of gravity in the standing position. However, when a woman lies on her back on a flat table, the exaggerated lumbar lordosis may disappear. Furthermore, the enlarged uterus presses down on the lumbar vertebrae and this may contribute to the caudad shift of the apex of the lumbar lordosis. In addition, the joint and ligamentous laxity during pregnancy may allow the kyphotic curvature to decrease in the supine position [8] [9] [10] .
In this study, we used a folded blanket under the parturient's right side to avoid aortocaval compression. This could be expected to influence the interpretation of MR images. However, the fact that the supine position with left tilt was used does not reduce the clinical significance of our findings because a tilt is often used during spinal anaesthesia for Caesarean section. Furthermore, we used a folded blanket for both pregnant and non-pregnant subjects to allow comparisons. Figure 1 T1-weighted sagittal midline MR images showing the spinal column of a 40-yr-old pregnant woman (top) and a 34-yr-old non-pregnant woman (bottom). The large arrows indicate the enlarged uterus and the small arrows the head of the fetus. The highest point of the lumbar spinal canal is located at a lower lumbar region in the pregnant woman than in the non-pregnant woman (L4-5 vs L4); the lowest point of the thoracic spinal canal is located at a higher thoracic region (T7 vs T8). The degree of thoracic kyphosis is smaller in the pregnant woman than in the non-pregnant woman.
